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Through referencing ethnographic research among university architecture students,
this paper reflects on practices of sense-making that bridge digital and material media
(including bodies). Our discussion follows students and instructors as they develop
designs that are analytically feasible or “true” in digital environments (i.e. in various
rendering and modeling software such as AutoCAD and Rhino), only to be confronted
with incongruities of material resistance and problems of embodied skill (or lack
thereof) when the design enters the “real” world. The paper explores the sensemaking, socio-material aspects of design-based activity, considering how the digital
and the analog may be puzzled over before being more or less reconciled in final
material objects (physical prototypes and models, drawings, a structure). As various
moments of design happen, we note how actors (instructors, students, shop
technicians, and building and model-making materials) punctuate and discursively
shape the trajectory of sense-making, highlighting the extent to which translation
from one form of design media to another (and back again) is much more than a
question of technical competency.
architecture education; digital to analog; ethnography of design; multimodality
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Introduction: Innovation and collaboration

This paper draws on ethnographic research among university architecture and design students to
reflect on practices of sense-making which bridge digital and material media (including bodies) and
which point to some of the ethical challenges and potentially-progressive qualities of socio-material
engagement in architecture education. This work is part of a collaborative project undertaken by
Nicholas (University of Nebraska-Lincoln) and Oak (University of Alberta, Edmonton), with our
discussion here following students as they design and problem-solve within digital environments,
only to be confronted with incongruities of material resistance and the difficulties of embodied skill
(or lack thereof) when the design enters the “real world.” Those kinds of frictions in the design
This work is licensed under a Creative Commons Attribution-NonCommercial-Share Alike
4.0 International License.
https://creativecommons.org/licenses/by-nc-sa/4.0/

process are considered in this paper as issues of translation or “transmodality” (Murphy 2012) –
which is related to the specificity of different semiotic media. As has been widely discussed, design is
iterative – with each stage of sketching, modelling, and refining a product or building emerging from
the results of the prior stage (Baxter & Berente 2010; Henriksen, Richardson & Mehta 2017;
Jonassen 2008). Within this broad context of iteration, during each phase of activity, the direction of
sense-making tacks back and forth between the digital and the analog until these are more or less
reconciled in a final material object. Along the way, human actors engage with each other, as well as
with various tools, technologies, building and model-making materials, as they punctuate, shape,
and discursively negotiate the trajectory of sense-making (Murphy 2005, 2012; Nicholas & Oak
forthcoming; Oak 2011, 2013; Yaneva 2009, 2012). With regard to this process, we highlight the
extent to which translation from one form of design media to another (and back again) is more than
a question of technical competency. In our view, disjunctures or problems arise from the way
different semiotic media telescope habits of sense-making, the way these unfold in time, how they
are arranged and ordered, and the social relations involved in their production. This mode of
analysis is critical to the understanding of design and architecture practice more generally, though to
date it remains a relatively neglected approach. The insights from this research also offer an
important contribution to the study of design and architecture education, where the disjunctures or
problems we describe are in fact productive: built into the structures of education and
professionalization, driving the learning process itself. Our discussion of these issues here is loosely
structured by three illustrative episodes.
This paper has emerged from the “Thinking While Doing” research/creation project (funded through
the Social Sciences and Humanities Research Council) that brings together four North American
architecture education programs that feature courses in “design-build” architecture. Design-build
courses are increasingly popular with students. These classes involve students in fully realizing
structures that, while usually relatively modest in size and in terms of their infrastructural
requirements (e.g. plumbing, electricity, HVAC), nevertheless require that students engage with
“real” clients, real engineers, real subcontractors, and real budgets. The drawings and models that
design-build students make will contribute to the creation of a full-scale structure, which itself is
built by the students who work together on “real” construction sites. The design-build experience is
substantially different from much architecture education wherein most projects are, inevitably,
hypothetical. That is, studio-based students draw and make models of structures that will never be
built, due to the complexity, expense, or time involved. Traditional architecture education is also
hypothetical because a considerable portion of architecture education is oriented towards
imaginative experimentation, where the student’s challenge is to invent what might be possible,
rather than to actually realize it. Design-build projects thus straddle the design studio, physically
sited in the specialized setting of an educational institution (Farias and Wilkie 2016), and the more
accessible locations of the public domain, since most design-build projects are constructed with the
intention that they be used by members of the general public (Hardin, Eribes & Poster 2005; Harris
and Widder 2014; Kraus 2017).
The Thinking While Doing (TWD) project is striking because students are working with their
professors (and other participants, such as engineers, local clients, materials suppliers, etc.) to
design and build structures that are both realizable and also “structurally innovative” (their
definition). Each of the TWD buildings is a gridshell – a curved shelter made of either a timber or
metal lattice that forms the roof or the roof and a substantial portion of the walls. As Chilton and
Tang point out in their recent book Timber gridshells: Architecture, structure and craft, the gridshell
poses interesting problems for architects, engineers, and the craftspeople who build them, with
“recent developments in digital design, 3-D modeling software and timber fabrication technologies
reinforcing architects’ interest” in these structures (2016; frontispiece). The innovative nature of the
TWD gridshells is a significant issue with regard to our discussion, since there is no straightforward
template or precedent that the participants can follow in either designing or building these
structures. Moreover, while the professor who is leading the overall project has considerable
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expertise with the specificities of gridshell construction, not all of the other professors do (though
they do have a high level of knowledge concerning structures in general). Likewise, the engineers,
who are working closely (if at a considerable physical distance) with the professors and students,
have varying levels of acquaintance with calculating how the gridshell materials can be expected to
react to the conditions of form and site. In consequence, the engineers are actively negotiating with
the experience and knowledge evidenced by the professors and students, as well as with the
analytical and sense-making capabilities of their computer programs, as they model and produce
technical drawings that assist those on site with the gridshell creation. All collaborators - the
engineers, professors, and students - are engaged in ongoing problem solving with the knowledge
acquired through the series of small gridshell projects, subsequently brought to bear on the largest
gridshell (a timber structure that is currently being built in a National Park in Canada, and which
features in the latter part of this paper).
The TWD project is also striking because, along with the architecture professors, students, and
engineers who are designing and building the structures, the project includes a group of social
science and humanities scholars who are following aspects of the builds, and reflecting upon them
through the lenses of philosophy and history, as well as sociology and anthropology/ethnography. It
is to this group that we belong, as we (Nicholas and Oak) study the various aspects of designing and
building through an ethnomethodologically-influenced ethnography (Suchman 2006). By audio and
video-taping the everyday occurrences of designing and building that would have happened whether
or not we were present, we collect data that, upon reflective analysis, enables us to explore how the
students, instructors, and others work intersubjectively to construct meaningful, common-sense
views of what is going on in specific contexts of action. We are concerned to outline how
participants collaboratively build meaning with each other and also with tools, materials, and modes
of representation and simulation. Through this ethnomethodologically-inflected approach, we seek
to understand how participants display in and through their multimodal interaction the
understandings, misunderstandings, and resolutions that enable the gridshell structures to move
towards completion.
As already noted, in this paper, we consider three vignettes that index and illustrate moments of
translation or “transmodality” (Murphy 2012) wherein the specificity of different semiotic media –
ranging from the printouts generated by a CAD program to “real” PVC or metal pipe – are sufficiently
incommensurate to cause confusion, on-the-spot problem-solving, and discursive engagement
amongst the participants. The first episode is not from one of the TWD projects, but from a
conference featuring architecture professors, many of whom were discussing their design-build
projects. The second is from one of the TWD project sites, “Southeast University” (in this paper all
institutions, people and locations are given pseudonyms, with the exception of the professor whose
published work and conference presentation are discussed in episode one). In this second episode,
as discussed below, two students are grappling with the difficulties of translating a computer
drawing into the materials and processes that will realize a bench – part of the seating that is
planned for the gabion walls of the larger gridshell site design. The final episode follows a professor
and several students as they seek to reconcile an engineer’s computer-generated technical drawing
and the actual materials and structure that are in the process of being constructed. In this episode
we particularly consider how an instructor and his students move from considerable confusion to
partial resolution through employing a stance of humility and focused attention towards the items
they are addressing: a computer drawing, hand sketches, various materials, a laptop screen, and the
“real” structure of the gridshell’s steel-truss edge beam.

2

Episode 1: Making sense of ruled and unruly materials

At a recent conference on design-build architecture education sponsored by the American Collegiate
Schools of Architecture (ACSA), Tiffany Lin, a faculty member from Tulane University, related a series
of case studies meant to convey problems of sensing and sense-making across different design
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modalities. Though she didn’t frame it this way, her presentation was concerned with the issue of
what Keith Murphy (2012) has called “transmodality” – the production of sequential, linked semiotic
chains over long periods of time and across multiple semiotic modes (p. 1966). In these cases, Lin
was pointing to disjunctures or dissonance between the modes of the digital and the analog – here,
the 3-dimensional and gravity-governed materiality of paper, earth, tools, and PVC pipes. For Lin,
these disjunctures related to both a pedagogical problem and one of professional ethics, concerns
that design-build education explicitly seeks to address.
We begin with a re-telling of aspects of her presentation, which she titled, “Level and Plumb Without
Rhino.” For those unfamiliar with Rhino, it is a 3-D modeling software used by architects, designers,
engineers, and others. Lin began by showing her winning design for innovative disaster relief
housing, composed entirely of SIP panels (Structural Insulated Panels), one of which featured
multiple oval-shaped cutouts or apertures. She showed the audience the computer-rendered line
drawing of the apertures, marked up with detailed measurements, and then described how her
students initially approached the problem of fabricating these apertures. In accordance with their
training, they began to make sense of the problem in Rhino (see Fig. 1). Lin re-traced the students’
proposed modeling sequence: First, you would 3-D model the pipe in Rhino and intersect it with
planes; Second, you would run the “Boolean Split” command, which produces the cut oval surface;
Third, because the Rhino model surface is a “ruled surface,” you can then “Unroll surface,” making it
into a template on a flat plane, which can then be plotted, printed at full scale on paper, and
wrapped around the actual PVC pipe to mark where the cut should be made. However, Lin dismissed
the students’ approach as wasteful, in terms of time, plotter paper, and ink. Then she introduced the
advice and expertise of a local craftsman involved in the project.
Then this wonderful craftsman, [who had] this intrinsic understanding of water and
earth and gravity that comes with the working of materials - so that's the difference
between the craftsman and the designer, they first explore the material, and then they
learn. So, he looked at it and said, well, stick it in the tub - and that was like an ah-ha
moment for everybody working on it - stick it in the tub, because ultimately that water
line of wherever you intersect is going to be level - water will find its own level. (Lin,
2014, oral presentation)
Though in the end the architecture students modified the craftsman’s suggested method to produce
a kind of jig to mark the pipes, the principle they used was the same.
As Lin pointed out, the craftsman and the architecture student are coming at the problem from
different starting points – both of which are ingrained from practical experiences – for the students,
the habituated practice of using Rhino to design, and for the craftsman, the experience of putting
together various construction materials to make an object or structure, for which the act of testing
the level (horizontal) and the plumb (vertical) (using gravity and a spirit level), is a regular
occurrence. Part of the intention of design-build education is to challenge the students to consider
and deal with these problems of transmodality – between a Rhino model, and the particular
conventions and logic which govern the software’s version of space, and a full scale PVC pipe, with
weight, thickness, and other specific material qualities, as these relate to tools and instruments like a
jigsaw, straight edge, and SIP panel. As Lin’s case study suggests, the problem is not simply one of
moving between or across different semiotic “modes,” what Gunther Kress and Theo Van Leeuwen
(2001) describe as the affordances and resources brought to bear in making meaning material. There
is a disjuncture here between the different “worlds” conjured up in the digital space of Rhino, versus
the 3-D space governed by the laws of physics here on Earth, and the differing logics and sequences
of proper or efficient action to be taken in these worlds.
Moreover, the sense-making habits learned as appropriate to each of these “worlds” emerge from
different contexts of social and labor relations – for example, the relations and roles specific to
architecture education and ultimately professional practice, versus the relations and roles specific to
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the construction site or workshop. A significant premise of design-build education is that you’re a
better architect if you have at least an inkling of how a maker or craftsperson makes sense of the
world of building and materiality (Boling 2017). Through insisting that students actively participate in
the mundane activities of encountering materials, calculating budgets, and undertaking
construction, the students’ bodies, as well as their modes of cognition, together demonstrate an
ethical commitment to realizing the everyday practices through which the built environment is
created (Rockhill & Kraus 2017). In the illustration discussed above, Tiffany presents both the
recognition of this commitment, and the students’ desire to realize it, while also acknowledging their
lack of understanding when compared to the knowledge and skill of a seasoned craftsperson.
Further, however, her comments suggest a conundrum that often plays out in the setting of designbuild courses: students seek out and desire the “hands on” experience of making “real” structures at
the same time as much of their studio-based education (and their extra-curricular engagement with
the digital world) is increasingly screen-based, and underpinned by the structured simulations and
algorithms of computational drawing and modeling software (Loukissas 2012; Turkle 2009). This
again relates to design-build’s professional-ethical commitments, namely an insistence on the value
of handcraft, making and construction experience alongside the digital and computational skills
which have transformed both architecture education and practice (Bruegmann 1989; Llach 2015).
Lin’s comments, her consternation at the students’ reliance on “thinking with Rhino,” echo those of
the engineers Loukissas (2012) spoke with at Ove Arup: in short, a concern for a kind of de-skilling,
which is in part a generational issue where younger designers, “ignore what’s behind the software,
the building physics” (p. 32).

Figure 1. Re-tracing students’ Rhino logic, step 3. Source: Authors’ image, modeled after Lin, 2014, slide presentation.

3

Episode 2: Reconciling Paper, Wood, and Power Tools

The second episode is drawn from the TWD project’s ethnographic fieldwork conducted within
Southeast University, an American university school of architecture, in the context of a design-build
studio course in which instructors and students are working to create one of the gridshell pavilions.
Towards the end of the semester, the students were working feverishly to complete the mock-up of
a series of full-scale prototypes of various project details in time for the final design review. These
prototypes included the gabion landscape walls and bench seating. In the days leading up to the
review, we followed the trials and tribulations of a group of students working to mock-up the bench
seating (see Fig. 2). In what follows, we’ll highlight several problems the students encountered along
the way, problems of material resistance, bodies that falter, and sequence.
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Two students, who we’ll call Jesse and Sarah, began to develop the prototype with a discussion of a
paper printout of a CAD drawing created by Jesse. The bench was designed as a 4-foot long, curved,
slatted bench whose width was composed of 18 wooden lathes separated by spacers. The students’
initial conversation referenced Jesse’s drawing, in order to imagine the materials, operations, and
temporality involved in making it in “reality” and at full scale. However, they were quickly
confronted with the inherent vagueness of the drawing – it captured elements of the “what” of the
bench (its basic dimensions and shape), but not the “how” of bringing it into being. In particular, it
did not sketch how the jig – the device to shape and hold the bench slats in the curve as it was being
fabricated – should itself be made. Thus, when it came time for the students to make the jig, and
determine how to bend the wooden slats into the appropriate shape, they had to improvise: the
drawing was of little assistance. This improvisation included experiments with clamping techniques,
which themselves produced secondary material and force effects which then had to be accounted
for. For example, the wooden lathes on the outside of the bench curve started to rise up slightly off
the surface of the jig in response to the pressure of the clamping. This was ultimately managed by
literally screwing the lathes down to the wooden jig. But the solution itself brought about a problem,
and later Jesse had to use an angle grinder and pliers to remove one of these screws in order to lift
the bench off the jig.
As noted in our introduction, the problems Jesse and Sarah encountered here cannot simply be
attributed to the fact that a line drawing and an assemblage of building materials communicate
different “content” or in a different mode. We return to the claim that different media telescope
different habits of sense-making and their temporalities, as well as the social relations which
structure these habits. Here, one of the main issues the students discovered was the issue of
sequencing – the proper ordering of actions in time. The CAD drawing is a finished object (though
not sufficiently developed for a smooth translation into 3D full-scale wood); it stands at the end of
the process of sense-making performed by Jesse on the computer. That “ending” prompted a new
sequence of sense-making and problem solving: the making of the jig and bench. This emergent and
iterative quality of designing and making is of course one of the central qualities of skilled practice,
as discussed by prominent anthropologists and theorists of craft (Ingold 2000; Scott 1998; Sennett
2008). But here the endpoint of one iteration did not provide much in the way of assistance in
guiding the next. Anyone who has taken technical spec sheets and tried to fabricate an object
understands the value of sequentially segmented diagrams (i.e. IKEA drawings), but Jesse and Sarah
learned that lesson over the course of hours during which the solution to one momentary problem
created the next problem to be solved (and so on). At the outset, they had assumed the line drawing
– the result of a relatively friction-less process of playing with “shape grammars” in CAD (Knight
1999; Stiny 2006) – would more or less correspond to the process of arranging eighteen wooden
lathes in a curved bench shape. Or at least, they had not bargained for the magnitude of the
difference in practice.
Jesse and Sarah’s challenges were compounded by the issue of precision and their mastery, or lack
thereof, of power tools. Though the students carefully marked and drilled through each of the
eighteen layers of the bench slats as they went along, at the end of the process some of the holes
were misaligned. Jesse needed to re-drill through all eighteen bench slats and the spacers, in order
to insert a threaded rod to hold everything in alignment. This is at least partly attributable to the fact
that materials push back, and it takes a fair bit of experience – embodied knowledge – to be able to
use a power drill as though it is an extension or prosthesis of the hand and arm, to develop a sense
for how hard to push, how to position the body and the hands for maximum stability, how to keep
the drill level, etc. In this particular instance, we have the opportunity to observe the formation of
what Sennett (2008) calls the craftsman’s “material consciousness” – essentially a felt or embodied
sense of the materials at hand, their possibilities, limits, and “behaviors.” Notably, this is
simultaneously a feel for the possibilities and limitations of one’s own body. Ideally, this results in a
kind of seamless embodied intersubjectivity (person plus tool plus materials), what Ihde (1990) has
referred to as an “embodiment relation” between human and technology. But as novices, Jesse and
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his fellow students often initially encounter both tools and materials as antagonistic “Others”, an
extreme form of Ihde’s (1990) characterization of the “alterity relation.” While the ultimate goal of
design-build education is not to make every student a master craftsman, the pedagogical ethics
espoused by many professors privilege giving students at least a taste of what those who build might
experience in the execution of the architect’s vision.

Figure 2. (Top) Finished prototype, gabion bench. (Bottom) Students crafting bench prototype. Source: Authors’ images.
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Episode 3: Transmodality and Collaboration

The third, and concluding example is drawn from fieldwork among architecture students and faculty
involved in the largest of the TWD project’s design-build gridshell pavilions, in this case the final
gridshell which is constructed in a Canadian National Park, and which involves participants from each
of the architecture programs who earlier created smaller gridshells. This episode also involves the
challenges of transmodality. Here, however, we’re concerned with both what’s “lost in translation”
and the excesses or “what’s gained” in working transmodally and collaboratively. To outline the
context, at this point in the project, the concrete foundation and walls of the large gridshell
structure have been poured, according to the specs of engineering-approved construction drawings,
generated in part from a 3-D Rhino model. The situation that follows is centered around the design
and fabrication of a triangular steel truss which was in the process of being mounted on the walls,
and which will ultimately support and “finish” the lattice-gridshell roofing system.
At the beginning of one day on the site, the instructor gathered with a team of students around a
computer-generated, printed construction drawing of the truss-webbing pattern. The discussion
began with the professor and project manager (a Master’s student) identifying which section of the
truss the drawing represented. Students and the professor first pointed at various places on the
drawing, then through speech that connected finger and gesture with the drawing, they sought to
relate the drawing to the “real” built structure, which they occasionally looked towards for reference
(it was around 50-60 meters from where they were meeting). Given the group’s difficulties in
understanding the relationship between the two-dimensional computer drawing and the actual
truss-webbing, the instructor pulled out a pencil and started to sketch a more realistic, perspective
rendering of the engineer’s more basic rendering. As he sketched, he labeled parts of his drawing in
correspondence with parts on the computer drawing. The discussion then became intently focused
on how the two drawings corresponded, with considerable confusion ensuing concerning the
relationship between the computer-generated construction drawing, the pencil-drawn sketch, and
the “real” partially-built metal truss (see Fig. 3, top).
Eventually the group re-located to a spot directly next to the truss to more closely consider the
relationship between the drawings and the metal structure. The printed drawing was placed on the
wall and the project manager brought over her laptop, which contained an image of the Rhino
model (the model had been created collaboratively by the students, the engineer, and an
architectural consultant with experience in gridshells) (see Fig. 3, bottom). Various students intently
engaged with the problem – attending to and thoughtfully expressing their ideas concerning the
principles of triangular truss webbing systems. Their perceptions, largely drawn from memories of
coursework, mostly concluded that the engineer’s drawing couldn’t possibly be right. The instructor,
still seeking to understand the incongruities between the modes of representation, pulled out a
length of orange string and tied it around the metal frame, interweaving it in the truss configuration
he believed to be correct (noting as he wrapped “nothing like, you know, visualizing”). The instructor
also engaged in a highly-focused discussion with a student who, through gripping the metal frame
and gesturing with reference to how he believed the engineer’s system worked, explained what he
thought was going on: that the engineering drawing did not take account of a change to the
structure (to add a steel plate in place of one side of the triangular truss).
At one point in their exchange the student advances the notion that part of the truss diagram has
been replaced by the “real” steel plate, and the professor considers this opinion carefully by
checking the student’s words: “alright, so you’re saying it’s plausible if you didn’t have the plate and
since you have the plate it’s okay?” to which the student replies “right, the plate resolves”. While
considering this proposal, the professor climbed on the structure, took a series of iPhone photos of
the string (as a possible truss pattern) and then, emailed these to the engineer. A few hours later the
engineer responded, with the information that the webbing pattern the engineer had modeled (and
that was on the original drawing) was derived from the standard design of a triangular truss and
dated from a time when the gridshell’s proposed truss respected that standard. However, in
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subsequent design phases, the professor and students had decided to substitute a metal plate for
one side of the truss. But the engineer’s model hadn’t been updated to reflect this - in effect
confirming the suspicions that the group arrived at when deliberating on site. In the end, to further
change the webbing pattern for what the architects thought would be a more satisfying “aesthetic”
reason would require another week or more to re-model and re-test the structure, so the group
ultimately decided to follow the original webbing design, which they would use alongside the metal
plate.
The total time of this sense-making episode, in which the students and professor puzzle over the lack
of correspondence between the computer-generated drawing and the “real” structure, is over half
an hour. The time until the engineer cleared up the confusion was several more hours. In this
example, the interaction and engagement with the materials and forms of representational media
follows a somewhat circuitous path, but it illustrates the myriad ways and modes by which the
architects attempt to reason and make sense of the best way forward, given the “plans” charted in
the past by others (i.e. the engineers, or even previous versions of themselves). In particular, this
episode demonstrates the nature of collaborative sense-making when a structure is particularly
innovative. That is, this gridshell is not of a standardized type that participants are familiar with from
previous experience, or that can be readily extrapolated from existing precedents, therefore making
sense of it requires particular actions of “puzzling through.”
What occurs here reveals the imperfect seaming of one semiotic medium to another – from the
CAD-rendered plan elevation to a hand-drawn perspective, to many conflicting verbal descriptions
and to a full-scale physical structure. But also, and no less critical, we see evidence of the swirling
quality of collaborative sense-making in these circumstances of uncertainty and disjuncture – the
processual reconciling of multiple opinions (all of which are informed by varying levels of
engagement and history with this particular project, and skill levels) – in conjunction with bringing all
available tools to bear on the problem. No matter that in the end they could have just proceeded
with the engineer’s webbing design and saved considerable time. Part of what was pieced together
in the process recounted here was a more comprehensive understanding of how and why decisions
were taken in the first place, and a consensus about how to move forward as a group – further
cementing (forgive the pun) the cohesion and social relations within the group itself – not an
inconsequential thing for a project of this nature.
Indeed, we would argue that it is partly through the manner in which a tenured professor (and
expert on structural forms), talks with a Master’s student (the current project manager of the
gridshell), and several undergraduate students, in ways that overtly display his misunderstanding
and incomprehension that inter-group cohesion and social relations are fostered. That is, because it
is clear that the professor genuinely does not understand how to make sense of the drawing in
relation to the structure, all the students become actively focused on solving the problem alongside
him. All participants grapple with the matters at hand, and remain fully engaged, despite only
coming to a partial understanding of what is likely going on (an understanding that is eventually
confirmed later by the engineers: i.e. that the drawing they had been referencing had not taken
account of a panel that replaced a series of trusses). However, it is in working through the confusion
together that the students and professor parse aspects of the relationship that exists between a
distant engineer’s calculations and the materiality of welded steel. Students also witness the
relationship that exists between the professor’s confusion and his persistence in bringing all faculties
to bear upon his goal to understand – whether that be hand drawing, gesturing, engaging with the
“real” structure, measuring, wrapping string, and listening intently to others. While the professor
does seek final confirmation from the engineer, who he clearly trusts (at one point as he is talking to
the students he describes the engineer as “totally solid”), the professor does not do so until fully
working through, with and alongside the students, what might be going on with the drawings,
trusses, and steel frame. By fully engaging with what is simultaneously the social and the practical
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aspects of design we can see how a kind of humility of discovery exists between human participants,
hand and computer-generated drawings, and the relative immutability of the welded-steel truss.

Figure 3. (Top) Professor and Project Manager (MA student) parse the engineer’s drawing. (Bottom) The group engage in
sense-making on/near the gridshell. Source: Authors’ images.

5

Concluding comments: Architecture as socio-material practice

Throughout the paper, we have addressed three facets of the socio-material nature of design,
making, and technological mediation (Ihde 1990, Latour 1994). First, in episode one, we considered
the ethical positioning of design-build vis-à-vis professionalization and hand / digital craft, as well as
the larger social and professional context of the construction of the built environment. Second, in
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episode two, we examined the socio-material and embodied dimension of working across and with
various design media and materials, and insisted that an ethnographically-informed study of
architecture practice sheds light on the various relationships novice (and expert) architects must
develop with tools, materials, representations, and their own bodies. Third, in episode three, we
emphasized the intersubjective and communicative aspects of designing and building with others
and explored how the disjunctures between design media, and the misunderstandings and
uncertainty which followed, in effect facilitated both student engagement and learning. The “not
knowing” that underpins the designing and building of innovative or unusual structures means that
participants – including senior professors - may open themselves up to a level of discomfort wherein
the “live performances” of doubt and bewilderment may necessarily occur as often as the more
reassuring presentation of resolution and understanding. We argued that in fact these secondary
effects of working transmodally are central to the pedagogical model of design-build education.
Indeed, given the nature of design-build education, where students and instructors collaborate at all
levels of a project, it is through seeing how a professor manages doubt and confusion that some of
the most profound lessons of architecture may be learned. Together, these vignettes affirm the
productive nature of disjunctures and working transmodally (and collaboratively). In other words,
we propose that disjunctures, uncertainty, and confusion should not be treated as problems with
the pedagogy (and therefore to be eliminated), but rather as built into the mode of teaching and
learning itself. They are thus central to guiding and pushing forward inquiry and learning for design
and architecture novices.
Taken as a whole, these vignettes point to the ethics of particular design-build projects as
educational opportunities wherein hand skills and digital skills are valued, and where the
experimentation and interiorization of the studio space is directly connected to the outside world of
construction site and community. Of course, encompassing such diversity involves messiness and
risk, that, as we have indicated here, occurs both at the level of confusion concerning materials,
tools, calculations, and representations, but also at the level of social interaction and role
performance. In these contexts, understanding is created over time, alongside and through materials
(PVC or metal pipe, wooden slats, truss rods), tools (jigs, clamps, drills, string, smart phones),
representations (drawings on paper and on a laptop screen), embodied gestures (pointing, grasping,
measuring, reading), and discursive action (conversation), and as such points to the profoundly
social dimensions of designing and building with multiple others.
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